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Abstract 23 
Over half a century of governing efforts have failed to prevent the depletion of fish stocks 24 
around the globe. Ineffective management of over-exploited resources has resulted in a lack of 25 
willingness to comply with regulatory systems, magnifying problems at a time when many of 26 
the world’s fisheries face increasing pressure or crisis. Co-management, the sharing of 27 
management responsibilities between government, fishermen’s organisations and other 28 
stakeholders, has been advocated as the solution to engaging stakeholders. However, an 29 
evidence base is required to assess whether co-management improves the sustainability of 30 
fisheries. Here, we used qualitative and, for the first time, quantitative meta-analyses to assess 31 
the outcomes of local fisheries co-management schemes around the globe, by asking: (1) does 32 
co-management improve the socio-economic and biological factors underpinning fisheries? (2) 33 
how do the characteristics of the most successful co-management structures compare to less 34 
successful structures? Data from multiple studies was extracted and measured against 35 
performance criteria through meta-analysis, assessing process (compliance, control, conflict, 36 
influence and participation) and outcome indicators (household income, access to resource, 37 
fish yield and resource well-being). Co-management has an overall positive influence on all 38 
but one of the process indicators (conflict; no significant effect), but a negative influence on 39 
access to resource and resource well-being. Case studies that reported positive outcomes 40 
possessed attributes such as government support, funding and dedicated project staff, 41 
indicating certain prerequisites are required to establish a successful co-management scheme, 42 
though data limitations restrict our ability to draw more general conclusions.  43 
Keywords: Co-management, commercial fishing, fisheries management, meta-analysis, 44 
participatory fisheries management 45 
  46 
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1. Introduction 47 
Over-exploitation of resources coupled with ineffective management has led to distrust within 48 
the fishing industry (Kaplan and McCay, 2004), with constant debate over the effectiveness of 49 
management regimes in maintaining or achieving sustainable resource utilisation (Sen and 50 
Nielson, 1996). Ineffective management has resulted in a severe lack of willingness to comply 51 
with regulatory systems (Thomas et al., 2015), further increasing problems at a time when 52 
many of the world’s fisheries are under increasing pressure or face crisis, resulting in distrust 53 
between the industry, fishing communities, and governing bodies (Phillipson, 2002).  54 
Co-management, also termed participatory fisheries management, has been advocated as a 55 
solution to engaging stakeholders in problems faced by fisheries (Pomeroy and Berkes, 1997; 56 
Njaya, 2007) and involves the sharing of management responsibilities. This may involve 57 
multiple institutional linkages among user groups or communities including fishermen’s 58 
organisations, research institutions and civil society (Evans et al, 2011), as well as government 59 
agencies and non-governmental organisations (Olsson et al., 2004). Co-management results in 60 
spatially-explicit analysis and management that is responsive to spatial and temporal variability 61 
in target species’ characteristics, habitat qualities, socio-political factors and user-group 62 
cultures (Zanetell and Knuth, 2004). Resource management decisions can then be made in 63 
conjunction with resource exploiters and other interested parties, such as scientists, to promote 64 
sustainability in the fishery through responsible participation. This approach aims to ensure 65 
resource sustainability, as well as providing protection to the local environment and addressing 66 
the needs of other stakeholders (Phillipson, 2002). Further, the self-organising process of co-67 
management has the potential to make the social-ecological systems more robust to change 68 
(Olsson et al., 2004).  69 
Co-management has instrumental values that other fisheries management initiatives lack: (1) 70 
an enhanced sense of ownership from key stakeholders encourages responsible fishing, (2) a 71 
greater sensitivity to local socio-economic and environmental constraints, (3) improved 72 
management through the use of local knowledge, (4) collective ownership by user groups in 73 
decision making, (5) increased compliance with regulations through peer pressure and (6) 74 
improved monitoring, control and surveillance by fishers (Gutiérrez et al, 2011, Bown et al, 75 
2013). Taken together, co-management has the potential to increase both community and 76 
ecosystem resilience through the sharing of knowledge and creation of management plans 77 
tailored to specific places and situations (Olsson et al., 2004).  78 
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Co-management is a process that takes place along a continuum, covering a range of 79 
management models that diverge from the centralised fisheries management system, with 80 
variable participation by different groups as co-managers (Carlsson and Berkes, 2005). This 81 
participation can range from consultative to informative, depending upon the level of 82 
government involvement. In some cases, stakeholders are consulted on management issues, 83 
but decisions are ultimately made at the government level (Pomeroy and Pido, 1995). In 84 
contrast, an informative co-management arrangement allows stakeholders to form associations 85 
and seek only legal backing from the government (Kristiansen et al., 1995). It is therefore 86 
essential to understand if a relationship exists between the level of decentralisation and the 87 
success of the fishery. 88 
Previous assessments relevant to fisheries co-management reviewed the impact of 89 
implementing co-management schemes or focused on the conditions required for successful 90 
implementation (Napier et al., 2005; Gelcich et al., 2006; Chuenpagdee and Jentoft, 2007). 91 
Training and empowerment appear to be key features, with implementation requiring 92 
facilitators who can work with the stakeholders to explain what co-management entails and 93 
what they can realistically expect (Napier et al., 2005; Chuenpagdee and Jentoft, 2007). Only 94 
three previous studies have analysed the outcome of fisheries co-management arrangements. 95 
Maliao et al (2009) and Evans et al (2011) examined the outcome of fisheries co-management 96 
schemes in the Philippines and across the developing world, respectively. Both reported that 97 
co-management had improved inclusion of stakeholders in governance but the impact on 98 
ecological outcomes varied. Further, Allison and Badjeck (2004) reviewed fisheries co-99 
management experiences in tropical inland fisheries, primarily focusing on conceptual and 100 
analytical aspects of co-management. For the successful design and implementation of co-101 
management programmes that were well supported, they found that it was essential for those 102 
involved to have a comprehensive understanding of four inter-related topics: property rights, 103 
power relations, structure of communities and issues surrounding trust between stakeholders. 104 
They also identified that support from the government was critical. 105 
Here, we assess the outcomes of fishery co-management schemes around the globe through 106 
meta-analysis.  This work builds upon work carried out by Evans et al (2011) which examined 107 
the impact of co-management schemes from developing countries. Our study extends this 108 
review, incorporating more recently published data and a new quantitative analysis, to include 109 
co-management schemes in the developed world, to assess and understand what attributes are 110 
associated with more successful strategies. We further build upon previous work by collecting 111 
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information on the funding and funding bodies, dedicated project staff and the co-ordinating 112 
body responsible for implementing the co-management schemes to understand whether certain 113 
attributes associated with co-management implementation influenced the schemes success. 114 
This meta-analysis, therefore, both provides information on the overall success of co-115 
management strategies and aims to tease apart the more successful schemes from others and 116 
understand the differences between them to provide insight into what attributes contribute to 117 
the success of co-management arrangements. 118 
We hypothesised that 1. Co-management, as a whole, would improve a range of socio-119 
economic factors associated with fisheries, 2. Improvement in the biological health of the 120 
fishery would be dependent on the amount of time that a co-management scheme had been in 121 
place and 3. The presence of specific prerequisites would influence the success of co-122 
management schemes. Co-management is shown to be a valuable tool in fisheries management 123 
if certain attributes are incorporated. While we expect co-management to have positive effects 124 
overall, there are several factors that can contribute to its success, including time since 125 
implementation, especially if introduced as a last resort, which could confound the outcomes. 126 
This research synthesises and builds upon previous results, providing the first fully quantitative 127 
analysis of fisheries co-management, and contributes to the field at a time when fisheries 128 
management is under review. 129 
 130 
2. Methods 131 
 132 
2.1 Meta-analysis 133 
 134 
The indicators used in this meta-analysis are the most common indicators assessed in the 135 
available literature, representing the attributes that are considered most influential to the 136 
success of co-management schemes (Evans et al, 2011), categorised as Process and Outcome 137 
indicators. Process indicators reflect processes that are considered crucial to the success of a 138 
co-management arrangement and must be put in place from the start of the co-management 139 
process. Outcome indicators reflect the overall objective of co-management and are the goals 140 
that the fisheries aim to achieve (Maliao et al, 2009).  141 
We included results from published and unpublished data sets in our initial literature search, 142 
recording measurements taken for both process and outcome indicators, which were 143 
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categorised into three groups; (1) Natural Systems: observing ecological factors, (2) People 144 
and livelihoods: addressing social factors and (3) Institutions and governance: reflecting the 145 
governance process, the policies and the institutions involved in the co-management 146 
arrangements (see Table 1 for full definitions). The process indicators were: participation, 147 
influence, control, conflict and compliance; and the outcome indicators were: fish yield, 148 
resource well-being, household income, and access to resource. The indicators chosen are 149 
named to correspond to the terminology used in the studies they have been extracted from, to 150 
maintain consistency. For example, resource well-being refers to the fisheries resource health 151 
or status, rather than the well-being of human stakeholders involved in the schemes. Data 152 
collected was generated through stakeholder perception analyses, typically based on interviews 153 
with fishermen, which resulted in time-series or treatment-control comparison data. 154 
Quantitative data reported was related to biodiversity, household income and fish catch and 155 
this was reported in a time-series format.  156 
 157 
2.2 Data Collection  158 
Data was collected in a multi-step procedure to ensure that a global list of past and present 159 
fisheries co-management initiatives was compiled. A thorough literature search was initially 160 
conducted which included (a) an electronic search for published and grey literature and (b) 161 
contacting authors and mailing lists to identify other potential case studies and data that had 162 
not been published. The electronic databases searched were the World Fish Catalogue 163 
(http://www.worldfishcenter.org), ISI Web of Science (www.webofknowledge.com), and 164 
Google Scholar (www.google.com/scholar), using a combination of the following search terms; 165 
fish, fisheries, community, community-based management, co-management, participation, 166 
participatory management, collaborative, self-governance and eco-system based with dates 167 
searched from 1970 to 2015 inclusive. In cases where the search results produced very high 168 
numbers (>20,000 in some cases), the search was refined using the terms: impacts, outcomes 169 
and assessments. Grey literature was collected by conducting a search of the World Wide Web 170 
using the terms listed above. Researchers were contacted individually for any available data 171 
sets where the reported material was not descriptive enough to be used e.g., confidence 172 
intervals, standard deviations, and/or sample sizes were not included, and mailing lists (Ecolog: 173 
https://listserv.umd.edu/archives/ecolog-l.html; and Fishfolk: 174 
http://seagrant.mit.edu/cmss/fishfolkfaq.html) were contacted so that unpublished data could 175 
be included to minimise, e.g., publication bias. Conference papers, government reports and 176 
dissertations were also sourced by contacting government agencies where appropriate and 177 
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searching library catalogues for dissertation titles before contacting the authors for relevant 178 
information.  179 
Papers were rejected when they contained no quantitative or qualitative data, but instead 180 
described the co-management arrangement. These were typically social studies that described 181 
the implementation of co-management or assessed the roles of various organisations once co-182 
management had been implemented. Attempts were made to contact authors to retrieve data 183 
that were used in these reports, but several responses indicated that these data were confidential.  184 
Case-studies with available and appropriate data for analysis were then systematically selected. 185 
The abstract, methods and results of each paper were reviewed and excluded if: (1) only 186 
secondary results were reported (e.g., where previous results were reviewed or interpreted); (2) 187 
no reference was included describing the methodology or basis for the findings; and/or (3) if 188 
there were any indications of flaws in the methodology for the collection or the analysis of data. 189 
For example, one study reported a miscommunication between researchers and translators that 190 
could have resulted in a loss of information. Further, comparisons were difficult to make if 191 
there were no temporal or spatial controls and as such, even though indicators such as 192 
compliance were reported on, there was no ability to deduce if this compliance has increased 193 
or decreased since the co-management regime had been introduced. The minimum length of 194 
co-management implementation required for case-studies to be included was 1 year. Data 195 
collected could include studies that reported a difference over time at one site, where the pre-196 
co-management arrangement was considered the control, as well as those that compared 197 
spatially distinct co-management sites with control sites where co-management was not 198 
implemented and the control site was managed by the same structure that the co-managed site 199 
had previously been. In these studies, the type of fishery compared was similar in both resource 200 
and fishing method. Both approaches were included to broaden the range of studies that could 201 
be used in this meta-analysis and to provide a full comparison when discussing study 202 
methodologies.  203 
A total of 382 papers were retrieved through the initial literature search and a further nine were 204 
received by directly contacting researchers (see Supplementary Material C for a full list of 205 
references considered). 35 key informants were contacted including researchers and fisheries 206 
management experts. Responses were received from 37% of these informants, which provided 207 
raw data or clarification of results found in published papers or reports and enabled them to be 208 
incorporated into the meta-analysis. Of these papers, 91.3% were rejected due to lack of 209 
suitability for inclusion in meta-analysis (See Supplementary Material C). Papers were rejected 210 
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as they contained no quantitative or qualitative data, but instead described the co-management 211 
arrangement. These were typically social studies that described the implementation of co-212 
management or assessed the roles of various organisations once co-management had been 213 
implemented. Attempts were made to contact authors to retrieve data that were used in these reports, 214 
but several responses indicated that these data were confidential. Qualitative data was generated 215 
through stakeholder perception data collected from surveys, questionnaires and interviews that 216 
resulted in time-series and treatment-control comparison data. This was typically in the form 217 
of a scale of 1 to 10, where a score of 1 represented poor condition and 10 representing excellent 218 
condition. The quantitative analyses were based on time-series (or spatial comparison) data and 219 
reported in indicators such as fish yield and household income, which included quantitative 220 
data from landings and individuals’ incomes. 221 
Of the 36 papers remaining, 4 were rejected as the data they contained were not relevant to this 222 
study or did not provide a comparison either between sites or before/after co-management had 223 
been implemented. Of the 32 studies selected for analysis, eight included data from more than 224 
one site and in some cases from more than one country, taking the total number of sample 225 
studies included to 43.  226 
The organisation and development of different co-management systems were seen as potential 227 
effect modifiers. For this reason, information was collected on the organisational structure of 228 
the co-management system in place with respect to: (1) who co-ordinated the co-management 229 
arrangement (NGO’s, Government, Industry, Fishermen, Communities); (2) whether there was 230 
funding in place and who supplied it; (3) if there were project staff allocated solely to guide 231 
the implementation process and (4) the type of co-management arrangement and therefore the 232 
degree of decentralisation involved. Given the relative lack of consistency in data reported on 233 
these points, this information was not scored to be used in the meta-analysis but was used for 234 
preliminary investigation of whether the presence of certain attributes might be associated with 235 
the success of co-management initiatives. Notes were also taken if there were any other 236 
potential effect modifiers or effects that could bias the results.  237 
 238 
2.3:  Coded Meta-analysis 239 
Data which presented quantitative and/or qualitative results on the impact of co-management 240 
were collected mainly through surveys and interviews but were measured and presented in 241 
different forms that made a quantitative meta-analysis of co-management impact based on all 242 
data collected difficult. Therefore, we applied two meta-analytical approaches. First, we 243 
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followed the approach developed by Evans et al (2011), who coded studies depending whether 244 
a p-value was reported for indicator responses. This method was applied to the 32 studies 245 
included here that contained adequate data (Table 2).  An indicator with either a positive change 246 
over time, or a positive (spatial) outcome compared to the control site, was received a score of 247 
1. Responses reported as significant at p ≤ 0.05 received a score of 2. Reports of no change 248 
resulted in a score of 0. An indicator with a negative response received a score of -1, or -2 if 249 
significant at p ≤ 0.05.  This approach has some limitations as p-values were often not reported, 250 
therefore some studies could be incorrectly (conservatively) coded as non-significant under 251 
this method of reporting. 24 of the 44 studies included failed to report p-values, therefore the 252 
coded analysis was also followed by a second, fully quantitative method (see below). 253 
We applied Spearman’s rank correlation analyses to determine whether there was any 254 
relationship between the coded result for indicator variables and the length of time (years) that 255 
co-management had been in place.  256 
 257 
2.4: Response Ratios: Quantitative Meta-analysis 258 
Of the 32 articles highlighted for use in the meta-analysis, 12 presented data, incorporating 17 259 
sample studies, that were appropriate for use in the quantitative meta-analysis. We used the 260 
Response Ratio (RR) as a standardised effect size for comparison across studies, as it quantifies 261 
a proportionate change in variables following an intervention and was considered the most 262 
appropriate effect size based on the way the selected studies had reported results. The natural 263 
logarithm of the response ratio was taken, to improve statistical properties (Koricheva and 264 
Gurevitch, 2013). Effect sizes were calculated as: 265 
 266 ln($$%) = () *+,-.... +,/....0 1, (eqn. 1) 267 
 268 
where +,-.... is the mean score of the indicator post co-management (or in the managed site) and 269 +,/.... is the mean of the indicator prior to co-management (or in the unmanaged ‘control’ site). 270 
Effect sizes were then weighted as the inverse of the reported variance (2% = 3%45). When the 271 
variance was not reported and could not be directly derived, vi was approximated based on the 272 
study sample sizes as (Maliao et al, 2009): 273 
 274 3%	 = 	 789:	8;898; < +	 > ?@(AAB)CDE89:	8;FG, (eqn. 2) 275 
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 276 
where NA represents the post co-management study sample size and NB represents the sample 277 
size of the indicator variable prior to co-management.  278 
 279 
We accounted for heterogeneity among studies by comparing Cochrane’s Q test and the I2 280 
value. Assessing heterogeneity is crucial to understand sources of variation both within a study 281 
and between multiple studies and to determine whether a fixed- or random effects modelling 282 
approach was more appropriate (Huedo-Medina et al., 2006, Maliao et al., 2009, Cooper, 283 
2009). If heterogeneity among studies was detected, we used the weighted effect size (eqn.  3; 284 
see Supplementary Material B for details). The mean effect size could then be calculated as: 285 
 286 ln($$)HHHHHHHHH = 	 ∑ JBKL(AAB)MBNO∑ JBMBNO   (eqn. 3) 287 
 288 
The confidence intervals of the individual study effect size could then be calculated as (Supp. 289 
Mat.): 290 
 291 ln($$)HHHHHHHHH ± QRS%U. W. (eqn. 4) 292 
 293 
This can also be used to find the upper and lower confidence interval for the mean weighted 294 
effect size ln($$)HHHHHHHHH. The weighted effect size, the effect sizes of the individual studies and their 295 
confidence intervals were back-transformed to RRi, to produce forest plots comparing effect 296 
sizes from individual studies to the overall effect size calculated for each indicator.  297 
 298 
2.5 Funnel Plots 299 
Publication bias is a major problem in meta-analysis due to significant data being more likely 300 
to be published than non-significant data and the unpublished data is often difficult to access 301 
(Arnqvist and Wooster, 1995). Funnel plots present individual study effect sizes against the 302 
corresponding sample size, and asymmetry in the plot indicates publication bias as precision 303 
in estimating the overall effect size will increase as the sample size of the individual studies 304 
increases. If bias is present then the results from the small studies should scatter widely at the 305 
base of the graph, narrowing as the sample size increases. In the absence of bias the plot will 306 
resemble an inverted, symmetrical funnel (Egger et al., 1997). We used funnel plots to 307 
investigate the potential for bias to influence our interpretation of results (Supplementary 308 
 11 
Material A, Figure A1), but note that caution should be applied when interpreting these plots 309 
(Lau et al., 2006). 310 
 311 
3. Results 312 
The majority of co-management case studies were carried out in Asia (72.7%), followed by the 313 
Americas (11.4%), Africa (9.1%), Europe (4.5%) and Australasia (2.3%; Table 2). Of the cases 314 
included from Asia, 44% were in Bangladesh and 34% were in the Philippines. The sites 315 
reported included marine and inland aquatic habitats ranging from coral reefs and mangrove 316 
forests to seasonal wetlands and lakes. The mean time that co-management has been in place 317 
was 7.05 years (standard deviation = 4.02). Most of these studies focused on other parties that 318 
would be directly impacted by changes in fishing practices, including fish processors and 319 
traders, as well as those who were managing the co-management process. The individual 320 
studies based on stake-holder perceptions reported their results as averages taken across the 321 
stake-holder groups included. Not all studies reported values for every outcome and process 322 
indicator and as such, sample size has been included (Figure 1, Figure 2).  323 
3.1 Coded (Qualitative) Meta-analysis 324 
The first method involved a coded meta-analysis of information from all 44 studies, for all 9 325 
indicators. While all process indicators were heavily skewed towards positive results, with 326 
median response values ≥ 1, outcome indicators were more variable (Fig. 1). Spearman’s 327 
correlation rank analyses determined whether there was any relationship between the coded 328 
result for each study’s indicator variable and the length of time (years) that co-management 329 
had been in place. There was no significant correlation between study outcome and time for 330 
any of the indicators, so no further results are reported for this. 331 
 332 
3.1.1 Institutions and Governance Indicators 333 
The five institution and governance (process) indicators all displayed positive trends, with at 334 
least two-thirds of studies for each process indicator reporting positive results (Fig. 1). 335 
Participation showed an overall positive trend with 16 of the 20 cases indicating that an increase 336 
in user’s participation in the fishery has occurred since the introduction of the co-management 337 
structure, 10 of which were reported as being statistically significant (p ≤ 0.05). 12 of 18 cases 338 
reported an increase in conflict resolution, eight of which were significant. 13 of 18 cases 339 
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reported a significant increase in compliance. The user’s influence over co-management 340 
decisions showed an overall increase with the introduction of co-management; 14 of the 16 341 
cases were positive, although only 4 of these were significant. 14 of the 15 cases reported an 342 
increase in the user’s control when co-management was in place, 12 of which were significant.  343 
 344 
3.1.2 People and Livelihoods 345 
The people and livelihoods (outcome) indicators displayed variable results (Fig. 1). The studies 346 
included in the household income analysis were split evenly with 11 of the cases reporting a 347 
positive response (6 significant) and 11 reporting a negative change (5 significant). Of the 20 348 
cases reporting on stake-holders’ access to the resource, 11 showed a decrease in access rights 349 
(2 significant) following co-management, 9 reported positive responses (4 significant). 350 
 351 
3.1.3 Natural Systems 352 
The outcome indicators for natural systems also showed conflicting results. An overall increase 353 
in fish yields was found, however co-management also resulted in reports of an overall decrease 354 
of resource well-being. 12 of the 17 cases (2 significant) reported an increase in fish yield in 355 
co-managed fisheries. Of the 6 cases that reported a decrease in fish yield, one was reported as 356 
significant. On the other hand, resource well-being showed an overall decrease within co-357 
managed fisheries with 11 of the 20 cases reporting a decrease in fish abundance within the 358 
fishery, 2 of which were reported as significant. An increase in the number of fish captured and 359 
condition of the resource was observed in 9 case studies and reported as significant in 4 cases.  360 
 361 
3.2 Response Ratios: Quantitative Meta-analysis 362 
The implementation of co-management in the fisheries studied has resulted in a statistically 363 
significant increase in four of the five process indicators and a significant decrease in one of 364 
the three outcome indicators (Fig. 2). Fish yields could not be included in this method due to 365 
the sample sizes not being reported.  366 
The users’ compliance with co-management agreements (RR = 1.43, 95% CI = 1.25 – 1.64), 367 
control over the resource (RR = 1.48, 95% CI = 1.25 – 1.76), influence in co-management 368 
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decisions (RR = 1.37, 95% CI = 1.17 – 1.61) and participation in the co-management structure 369 
(RR = 1.35, 95% CI = 1.12 – 1.64) were all reported to increase significantly following 370 
implementation. Results for conflict between stakeholders and government were far more 371 
variable, with no significant change reported overall. Resource well-being showed a significant 372 
decline following co-management (RR = 0.79, 95% CI = 0.69 – 0.91), while there was no 373 
consistent evidence for change across studies for household income or access to the resource 374 
(Fig. 2).  375 
 376 
3.3 Detecting publication bias  377 
Funnel plots were used to detect bias in the studies included in the quantitative meta-analysis, 378 
plotting effect size against sample size for each study. Sample size indicated the number of 379 
participants that had taken part in interviews, surveys or focus groups. Bias was inferred if the 380 
funnel plot was asymmetrical. Figure 3 shows an example produced for users’ participation in 381 
co-management arrangements. The funnel plot shows that publication bias can affect results, 382 
with larger studies, or those with a greater number of respondents, having a more pronounced 383 
effect on the overall effect size. The funnel plots for the other indicators measured exhibit the 384 
same general result (Supplementary Material A, Figure A1).  385 
4.  Discussion 386 
4.1 Does co-management improve fisheries? 387 
Our analyses have synthesised the available literature to show that fisheries community co-388 
management schemes have shown positive impacts on social factors, reflected in all process 389 
indicators studied. Further, our results demonstrate that co-management can help not only in 390 
resolving conflict but also in increasing compliance with rules and regulations that the 391 
stakeholders themselves have participated in creating. Results from the biological and 392 
economic factors are less clear, which may suggest that these schemes require more time in 393 
place before benefits can be seen (the studies assessed here had been in place for a maximum 394 
of 10 years). These results are consistent across both qualitative (coded) and quantitative meta-395 
analyses, although it is important to point out that the data available for inclusion in these meta-396 
analyses remains limited in scope – both geographically and in terms of data quality (Table 2). 397 
The majority of studies included came from Bangladesh (14) or the Philippines (11), with 398 
relatively little quantitative information available on co-management schemes in other 399 
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continents. When evaluating the outcomes of fisheries co-management programmes, it is 400 
preferable to compare standardised quantitative performance data, such as catch per unit effort, 401 
biodiversity assessments, income generated, species population characteristics and other 402 
community livelihood parameters. Unfortunately, many programmes lack the funds needed to 403 
collect even basic baseline data, especially those located in developing countries (Webb et al, 404 
2004), as was the case for the majority of the studies assessed here. Accessible results from co-405 
management studies outside of Asia are required, while all studies need to present the basic 406 
descriptive statistical information (effect sizes, sample size, variance estimates) to ensure that 407 
they can be meaningfully incorporated in future analyses and syntheses. 408 
4.2 Relationships between Process and Outcome Indicators 409 
Our study expands on information provided by previous analyses of fisheries co-management 410 
(Evans et al., 2011; Gutierez et al., 2011). Our first (qualitative) analysis followed the methods 411 
of Evans et al. (2011) and due to the nature of our study, there is some inevitable overlap in the 412 
co-management schemes examined (33% similarity).  Our study indicates that co-management 413 
has a positive effect on all process indictors studied, a result which was consistent with Evans 414 
et al (2011); 41% of studies in Evans et al.’s (2011) qualitative meta-analysis came from the 415 
Philippines, which they thought highly influenced the results for the process indicators 416 
considered. Although our study included substantial information from the Philippines (25.6% 417 
of all studies analysed), we included more studies in our analysis (43 in total, Table 2), 418 
providing further general and robust quantitative support for the observation that co-419 
management positively affects the process indicators studied.  420 
For the outcome indicators, co-management had a positive effect on fisheries yield and a 421 
negative effect on access to resource, consistent with results from Evans et al (2011). However, 422 
Evans et al (2011) found that co-management also had a positive effect on household income 423 
and resource well-being which does not align with results from our study. The qualitative 424 
results for household income were evenly split, with 50% reporting positive outcomes after the 425 
implementation of co-management schemes and 50% reporting negative outcomes (Fig. 2). 426 
Resource well-being is overall shown to decrease with fisheries co-management (Fig. 2).  427 
Differences in results could be due to difference in sample size. Evans et al (2011) had a smaller 428 
sample size for studies included (29 vs. 43). Another reason could be that our study included 429 
data from schemes that have been set up more recently. The case-studies included in our 430 
analyses had a co-management arrangement in place for a minimum of 1 and a maximum of 431 
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10 years. This range may not have allowed adequate time for the resource to recover from 432 
previous fishing effort in all studies.  Our results also build upon those of Evans et al. (2011), 433 
by incorporating quantitative effect sizes and explicitly considering the impact of publication 434 
bias on our findings. Both of these aspects add important detail and context to help us interpret 435 
results more robustly. 436 
Participation is perceived to be a key co-management process; the development of participation 437 
between stakeholders, the governing body and, in some cases, scientists and environmental 438 
groups, is vital for the successful transition from top-down management to co-management 439 
(Chuenpagdee and Jentoft, 2007). Of the 17 case studies reporting positive results for 440 
stakeholder participation included here, 15 also reported positive results for other process and 441 
outcome indicators assessed, with 8 studies reporting positive results for 4 or more indicators. 442 
Stakeholders are more likely to comply with rules if they can participate in the management of 443 
the resource, reducing conflict and improving resource well-being as quotas are increasingly 444 
adhered to (Coffey, 2005, Pita et al., 2010). More importantly, participation in management 445 
develops trust and social capital between the various parties involved (Berkes, 2009).  446 
The studies that report no difference or a negative impact of co-management on process 447 
indicators had the largest sample sizes, suggesting the most reliable results (Figures 3, A1). 448 
However, smaller sample sizes could also relate to smaller fisheries with fewer participants 449 
(Pimoljinda and Boonrakda, 2001; Pomeroy et al, 2005), resulting in higher participation in the 450 
management decisions and an increased influence over the decisions made. Interactions among 451 
control over the resource through reduced competition, increased influence over governance, 452 
compliance and reduced conflict suggest that as the number of stakeholders involved in the 453 
fishery decreases, the chance of decisions being reached that can be agreed by all increases, 454 
suggesting that co-management could benefit smaller fisheries but becomes difficult to 455 
successfully maintain when the number of groups participating in the fishery increases. 456 
It is important to consider a range of response variables when assessing the effect of co-457 
management arrangements. Fisheries that are experiencing difficulties are likely to report 458 
negative outcomes for more than a single factor (Nielson et al., 2004). This was true for most 459 
of the case studies examined here. In the quantitative method (RR), only two case studies 460 
reported a single negative outcome, compared to the other 14 studies that reported multiple 461 
negative outcomes. The most commonly reported negative indicators were outcome indicators: 462 
resource well-being, access to resource and household income. However not all studies 463 
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reported values for all indicators assessed which in some cases made generalising findings 464 
difficult. For example, in the case of resource-wellbeing, 71% of the case studies included came 465 
from the Philippines. However, as co-management is often implemented as a final resort by 466 
governing bodies (Kaplan and McCay, 2004), it is not necessarily surprising that the majority 467 
of fisheries examined here report a decline in the fish stocks. 468 
There was also a lack of consistency in the way that certain attributes were reported across 469 
studies. Fisheries yield, for example, could not be included in our second (quantitative) 470 
analysis, due to a lack of consistency in the way that data was reported, as well as a failure to 471 
report standard metrics. Yield data was reported in several ways; the most common being catch 472 
per unit area (35.3%) or perceived changes in catch over time as reported by fishermen (35.3%), 473 
with other studies reporting changes in catch per unit area or total landings. However, as all 474 
studies consistently reported these as a change in the metric over time, we combined them for 475 
comparison in our qualitative method, to show an overall effect of co-management on (different 476 
metrics of) fisheries yield reported in different studies. While it would clearly be preferable to 477 
analyse a single metric across all studies, this would have resulted in a significant reduction in 478 
sample size. While there were more reports of increased yield from the fishery following the 479 
implementation of co-management, four were reported as being significantly negative, yet only 480 
two were significantly positive (Fig. 1), highlighting the variable yield results associated with 481 
co-management and emphasising the need for quantitative data to be reported in a more 482 
consistent way for this crucial information.  483 
The case studies from the Philippines dominated some of the indicators measured due to 484 
studies incorporating an existing framework first described by Pomeroy et al, (1997) to 485 
collect stakeholder perception data. Of the 17 studies used in the quantitative method, 10 486 
came from the Philippines and 8 of these reported on all 8 of the indicators assessed (Table 2; 487 
Katon et al., 1998, 1999; Israel et al., 2004; Webb et al., 2004; Pomeroy et al., 2005; Maliao 488 
and Polohan., 2008), with the remaining two studies reporting results for seven indicators 489 
(Baylon, 2002). In contrast, studies from other areas, such as Sultana and Thompson’s (2004) 490 
work in Bangladesh, only addressed three process indicators (Compliance, Control and 491 
Influence). These results highlight the difficulty in generalising across indicators or 492 
geographic regions, yet emphasise the lead that research conducted in the Philippines has 493 
taken on studying co-management. A consistent framework would address the need for a 494 
more standardized method of assessing fishery co-management schemes. We recommend 495 
future studies follow the reporting approach of Pomeroy et al (1997), to allow broader, 496 
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consistent analysis and facilitate meaningful comparison. 497 
4.3 Co-management attributes  498 
Gutierrez et al. (2011) emphasize that fisheries co-management schemes appeared to be more 499 
successful in areas with strong government management, including attributes such as funding 500 
and marine protected areas, which our results support. There was a 40% overlap in the case 501 
studies included in their analysis and ours. However, we rejected a substantial number of case 502 
studies included by Gutierrez et al (2011) from our study due to the failure to report appropriate 503 
quantitative data. While sample sizes were too low (and in some cases confounded) to allow a 504 
formal analysis, the information we could include in our analyses suggests that successful 505 
schemes involved funding, dedicated project staff and the outside agencies (Table S1, 506 
Supplementary Information ), as well as having had sufficient time to allow the co-management 507 
schemes to become established (Table2, Table S1). 508 
The more successful co-management schemes received funding, both for the implementation 509 
of the co-management and for providing some stakeholders with a wage as they develop co-510 
management arrangements and links (Table S1). Studies of schemes where funding was not 511 
available or was limited, reported unstable arrangements due to a lack of compliance and the 512 
inability to enforce rules (Oberio et al., 2015). Providing funding for co-management 513 
implementation may increase the initial financial cost, however, the economic and social 514 
impact of collapsed fisheries could drastically increase government costs if appropriate 515 
intervention does not occur (Abdullah et al, 1998). Many of the fisheries in Asia, especially 516 
Bangladesh, are located in floodplains and provide seasonal work, so the fishery may not 517 
provide the only source of individual income. Co-management schemes may require a greater 518 
individual time investment, thus reducing the time that stakeholders have to pursue other 519 
income sources (Thompson et al, 2003), and without support from government or NGOs this 520 
could result in a decrease in income from outside of the fishery.  521 
Many fisheries co-management schemes that were unsuccessful or faced difficulty in 522 
implementation lacked government involvement in the process or suffered from the 523 
governments’ inability to delegate authority to the community (Ho et al., 2016). Several studies 524 
reported that a lack of government recognition led to inadequate community participation and 525 
the inability to enforce rules and regulations which had negative effects on the outcome of these 526 
schemes (Oberio et al., 2015; Cudney-Bueno and Basurto., 2009).  527 
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The most successful studies we included reported positive results in all (Katon et al, 1998), or 528 
all but one (a decline in household income; Katon et al 1999), process and outcome 529 
indicators, following the implementation of co-management. These Philippine fisheries 530 
shared important common features, including implementation by a private firm, restoration of 531 
coastal habitats and sufficient funding was provided to employ community members to 532 
promote awareness and engagement from local fishers’ associations. Government input was 533 
minimal, providing legal advice and frameworks. Co-management is not an end-point but a 534 
process which evolves over time and therefore the time required for the initial developmental 535 
process may be quite substantial (Berkes, 2009). These and other successful schemes had 536 
been in place for at least six years, suggesting that co-management schemes need to be given 537 
time to establish before being assessed, a point that has not been previously taken into 538 
account 539 
4.4 Future Opportunities 540 
The geographic limitations mentioned above, with only four published case studies being found 541 
across Australasia, the Americas and Europe, suggest either that co-management schemes are 542 
not commonly employed in these continents, or that data is not being published or made 543 
available. While several countries within these continents have reported on fisheries co-544 
management schemes, such as Australia (Carter and Hill, 2007) and Norway (Søreng, 2006), 545 
neither quantitative nor qualitative outcome results have yet been published from these 546 
schemes.  547 
There was also a lack of consistency between studies in the way that certain attributes were 548 
reported across studies. Fisheries yield, for example, was reported as either catch per unit area, 549 
catch per boat or as perceived changes in catch over time as reported by fishers. This, along 550 
with resource well-being, could be argued to be one of the most important variables studied. 551 
To make this comparable across studies and allow it to be included in the quantitative method, 552 
it should be reported as catch per unit effort or catch per unit area, so yield can be monitored 553 
more robustly.  554 
Publication bias towards significant results remains an important issue in scientific 555 
communication, including meta-analysis (Egger et al, 1997, Chase, 2013, Kotze et al. 2004). 556 
Both the process and outcome indicators analysed here indicated potential publication bias 557 
(Figs. 3 and A1; but see Lau et al, 2006, for further discussion of the use of funnel plots in this 558 
context). The majority of studies used in our analyses had relatively small sample sizes which 559 
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often reflected the size of the fishery (n < 100), lacking power compared to the few studies that 560 
reported higher sample sizes. 561 
Access to data was limited, presenting a number of challenges. Firstly, failure to report basic 562 
descriptive statistics such as means, sample size and variance, coupled with the difficulty in 563 
obtaining data sets from which published work had been produced, meant that a number of 564 
studies could not be included in our quantitative method. When p-values were not reported, 565 
results that could potentially have been significant in the qualitative (coded) analysis were 566 
classified as non-significant. This means that even though the coded method included more 567 
data, its results should be considered relatively conservative and the true results from this could 568 
be more pronounced than the results we reported. Secondly, unpublished data was often not 569 
easily visible and the organisations holding the data were often unwilling to release it for use 570 
(confidential personal communications). Where possible, studies should aim to maximise 571 
power during the design phase, but ultimately, we believe making all data available will have 572 
the most positive impact on improving effect size estimates and therefore fisheries around the 573 
world. This echoes calls made to maximise transparency and rigour through fuller reporting of 574 
trials carried out in clinical research (Goldacre, 2015). 575 
5. Conclusions 576 
Implementation of community co-management had a consistent, significant positive effect on 577 
social factors and mixed effects on bio-economic factors. The more successful schemes involve 578 
the community members from the start, establishing core groups from participants that could 579 
help guide the implementation as well as providing or securing funding to support this 580 
transition. The more successful schemes are community-based, where the government’s role is 581 
to provide the rules and regulations with legal status, or a partnership between the community 582 
and the government where the management is shared equally. These schemes also involve 583 
external organisations, which are often responsible for co-ordinating the program as well as 584 
guiding the implementation. A standardised method for assessing the schemes should be 585 
introduced to assess and compare co-management more efficiently, with any published studies 586 
reporting a minimum set of descriptive statistics to allow incorporation in future meta-analyses 587 
and syntheses: effect sizes, sample size and variance estimates. This would not only facilitate 588 
comparison across studies but would aid in the design and improvement of current and future 589 
community co-management schemes.  590 
 591 
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8. Tables 762 
Table 1: Process and Outcome Indicators evaluated in this study, their definitions and 763 
groupings. 764 
 765 
Indicator Definition Grouping  
Participation User’s perceived participation 
in the co-management 
arrangement.  
 
 
 
 
 
Institutions and governance 
Influence User’s perceived influence 
over decisions made 
regarding the fishery under 
co-management. 
Control User’s perceived control over 
resource.  
Conflict User’s perceived levels of 
conflict between stakeholders 
and government. 
Compliance If the user perceives that 
stakeholders are adhering to  
rules and regulations decided 
under co-management. 
Fish yield Fisheries yield reported as 
catch per unit area, catch per 
boat or perceived changes in 
fish yield. 
 
 
Natural Systems 
Resource Well-being Number of fish present  
within fishery, as well as the 
condition of fish caught, as 
perceived by the user. 
Household income Stakeholders income    
People and livelihoods Access to resource Perceived changes in the 
stakeholders’ access to the 
fishery resource after co-
management implementation.  
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Table 2: A Summary of Case-studies used in the Meta-analysis. Those highlighted in grey  766 
were used in method 2 (Quantitative Studies). 767 
Case 
Study 
Country Study period or 
year co-
management 
was 
implemented 
Type of co-
management 
arrangement 
Reference P-values 
Reported 
B1 Bangladesh 2002 - 2004 Partnership Sultana and 
Abeyasekera, 2008 
No 
P1 Philippines 1996 - 2002 Partnership 
Baylon 2002 
Yes 
P2 Philippines 1996 - 2002 Partnership 
Baylon 2002 
Yes 
B2 Bangladesh 1995 - 2012 Community 
Control 
Chowdhury et al 
2012 
No 
S1 Spain 1994 – 2001 Advisory Domingues-
Torreiro et al, 2004 
No 
CL1 Chile 2008 - 2010 Co-operative Fernandez and 
Friman, 2011 
No 
CL2 Chile 2002 - 2004 Co-operative 
Gelcich et al, 2006 
Yes 
B3 Bangladesh 1998 - 2006 Community 
Control 
Halder and 
Thompson, 2006 
No 
B4 Bangladesh 1998 - 2005 Community 
Control 
Halder and 
Thompson, 2006 
No 
B5 Bangladesh 1998 - 2006 Community 
Control 
Halder and 
Thompson, 2006 
No 
I1 Indonesia 1996 - 1997 Community 
Control 
Harkes, 2006 
Yes 
B6 Bangladesh 1994 – 2005 Community 
Control 
Islam and Dickson, 
2007 
No 
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B7 Bangladesh 1994 – 2005 Community 
Control 
Islam and Dickson, 
2007 
No 
B8 Bangladesh 1994 – 2005 Community 
Control 
Islam and Dickson, 
2007 
No 
B9 Bangladesh 1994 – 2005 Community 
Control 
Islam and Dickson, 
2007 
No 
P3 Philippines Early 1990`s - 
2002 
Co-operative 
Israel et al, 2004 
Yes 
P4 Philippines Early 1990`s - 
2002 
Co-operative 
Israel et al, 2004  
Yes 
BR1 Brazil 1996 Consultative 
Kalikoski, 2002 
No 
P5 Philippines 1989 – 1997 Community 
Control 
Katon et al, 1998 
Yes 
P6 Philippines 1988 – 1998 Community 
Control 
Katon et al, 1999 
Yes 
B10 Bangladesh 1995 - 2006 Community 
Control 
Khan et al, 2012 
No 
K1 Kenya 2001 (1 year) Partnership 
Kundu et al, 2010 
No 
P7 Philippines +10 years Partnership Maliao and 
Polohan, 2008 
Yes 
I2 Indonesia 10 years Advisory Novaczek et al, 
2001 
No 
Z1 Zimbabwe 1993 – 1998 (5 
years) 
Partnership 
Nyikahadzoi and 
Songore, 1999 
No 
T1 Thailand 1995 – 1999 Community 
Control 
Pimoljinda and 
Boonraksa, 2001 
Yes 
T2 Thailand 1995 – 1999 Community 
Control 
Pimoljinda and 
Boonraksa, 2001 
Yes 
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P8 Philippines 1994 – 2003 Community 
Control 
Pomeroy & 
Ahmed, 2006 
Yes 
P9 Philippines 10+ years Community 
Control 
Pomeroy et al, 
2005 
Yes 
P10 Philippines 9 years Community 
Control 
Pomeroy et al, 
2005 
Yes 
B11 Bangladesh 2000 – 2001 Partnership Sultana and 
Thompson, 2004 
Yes 
V1 Vietnam 2000 – 2001 Partnership Sultana and 
Thompson, 2004 
Yes 
B12 Bangladesh 5 years Community 
Control 
Thompson and 
Choudhury, 2007 
No 
B13 Bangladesh 5 years Community 
control 
Thompson and 
Choudhury, 2007 
No 
B14 Bangladesh 3 years Community 
control 
Thompson and 
Choudhury, 2007 
No 
SK1 South Korea 2002 – 2007 Advisory 
Uchida et al, 2012 
Yes 
P11 Philippines 10 years Community 
control 
Webb et al, 2004 
Yes 
SA1 South Africa 1993 – 2003 Partnership 
Wilson et al, 2010 
Yes 
NZ1 New 
Zealand 
1999 - 2001 Partnership 
Yandle, 2003 
No 
UK1 Scotland 10 years Consultative  
Butler et al, 2015 
No 
V2 Vietnam 2002 - 2014 Partnership 
Ho et al, 2016 
No 
M2 Mexico 1997 - 2004 Community 
control 
Cudney-Bueno and 
Basurto, 2009 
No 
K2 Kenya 3 years Partnership 
Obiero et al, 2015 
Yes 
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9. Figure Captions 771 
Figure 1: Coded meta-analysis results for the effect of fisheries co-management schemes on a 772 
range of outcome (indicator) variables. Nine indicators were analysed for a total of 41 773 
different co-management schemes.  The different shades represent positive and negative 774 
results and whether these have been reported as significant or non-significant. A number of 775 
studies did not report p-values and therefore a number of insignificant results could be 776 
significant. This is a conservative method of coding the studies.  777 
 778 
Figure 2:  Quantitative meta-analysis of the effect of fisheries co-management schemes on a 779 
range of outcome variables, using the response ratio effect size. Eight indicators were 780 
analysed for a total of 17 different co-management schemes. The mean weighted effect-size 781 
for each indicator was calculated for each indicator and the error bars represent 95% 782 
confidence intervals. No observed change is indicated by the dashed line at Response Ratio = 783 
1. The results show that co-management increased the process indicators (Compliance, 784 
control, conflict, influence and participation) but a decrease was observed in the outcome 785 
indicators (Access to resource, household income and resource well-being). Sample size (n) 786 
of the number of studies included in each outcome variable is given on the right-hand side of 787 
the plot. 788 
 789 
Figure 3: Funnel plot for the Participation indicator. The effect size of each study is plotted 790 
against the sample size used to generate that effect size. The mean effect size (red line) and 791 
95% CIs (dashed black lines) are also indicated. This plot illustrates that large sample sizes 792 
have a greater impact on overall effect size than those studies with lower sample sizes, 793 
indicating publication bias.  794 
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 2 
Figure A1: Funnel plots for each process and outcome indicator included in the quantitative 3 
meta-analysis.  The sample size in each study was plotted against the corresponding effect size 4 
(log Response Ratio) to assess publication bias in each indicator analysed in the meta-analysis. 5 
The solid red line shows the overall effect size and the dotted black lines show the confidence 6 
intervals for the overall effect size. 7 
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 10 
Here we show how heterogeneity among studies was assessed and incorporated into our 11 
quantitative meta-analyses, based on effect sizes calculated as the log transformed Response Ratios 12 
for individual studies (ln(RRi), eqn. 1 in main text), weighted mean effect size across studies 13 
(ln($$)&&&&&&&&&, eqn. 3) and the weighting factor (wi = vi-1, eqn. 2).  14 
 15 
Calculating Heterogeneity 16 
Cochran’s Q test determines whether there is true heterogeneity among studies (Medina et al. 17 
2006) and can be defined as (Maliao et al. 2009): 18 
 19 ' =	∑+, -ln($$,) −	ln($$)&&&&&&&&&/2,  (eqn. S.1) 20 
 21 
based on the assumption that a fixed-effects model is used. The Q statistic follows the χ2 22 
distribution with k-1 degrees of freedom, where k equals the number of studies in the meta-23 
analysis. A low Q value indicates significant heterogeneity across the results from different studies. 24 
However, one problem associated with Q is that its statistical power depends on the number of 25 
studies. When the number of studies is small, Cochran’s Q test has low power, while higher power 26 
is associated with a larger number of studies. The Q statistic determines whether there is true 27 
heterogeneity among studies, however the I2 index can quantify the extent of heterogeneity by 28 
comparing the Q value to its expected value assuming homogeneity (k – 1).  Therefore, the I2 index 29 
was calculated, describing the percentage of variation across studies that are due to significant 30 
heterogeneity rather than random chance. I2 is calculated as: 31 
 32 
 01 = 2100 5' − (678)9 : , <=	' ≥ (? − 1)0, @AℎCD+<EC  (eqn. S.2) 33 
 34 
I2 is interpreted as a percentage of heterogeneity and, unlike Q, it does not inherently depend upon 35 
the number of studies considered (Medina et al, 2006). When the Q statistic is smaller than its 36 
degrees of freedom then I2 is reported as zero.  37 
 38 
 39 
2.5.1 Between Experiment Variance Component 40 
The null hypotheses that the between-experiment variance component is zero (FG:	IJ1	 = 0), can 41 
be rejected whenever Q exceeds the 100×(1 – α) percentage point of the χ2 distribution with k − 1 42 
degrees of freedom (Huedo-Medina et al, 2006). If the I2 value is high, then H0 can also be rejected 43 
and a random effects model is used to take into account the study-level sources of random error 44 
(Cooper, 2009). The between experiment variance component is calculated as; 45 
 46 IJ1	 = 	 97(	678)∑KL7	∑MLN∑ML  .   (eqn. S.3) 47 
 48 
This then allows a new weighting to be calculated which takes into effect the variance within an 49 
individual study as well as the variance between multiple studies:  50 
 51 +,∗ = 1/-Q, +	IJ1/. (eqn. S.4) 52 
 53 
A new weighted effect size can therefore be calculated as: 54 
 55 ln($$S)&&&&&&&&&& = 	∑ KL∗ TU(VVL)WLXY∑ KL∗WLXY   (eqn. S.5) 56 
 57 
The 95% confidence intervals were then calculated for the individual study effect sizes and 58 
weighted effect sizes. The standard error (s.e.) of the overall effect size was calculated from the 59 
sum of the weightings as:  60 
 61 E. C. -ln($$)&&&&&&&&&/ = [ 8∑KL∗  (eqn. S.6) 62 
 63 
2.6 Fixed Effects and Random Effects Models 64 
The I2 index was used to describe the percentage of variation across studies that was due to 65 
significant heterogeneity rather than random chance. Fixed effects models are used with low values 66 
of I2 (<50%) as they assume that the true effect size of all the studies is identical and the only 67 
reason differences may be observed is due to random error (Borenstein et al, 2007). However, if 68 
I2 > 50% a random effects model must be used to take into account the variation between studies 69 
as well as the variance within the single studies, and an estimate of the mean distribution of the 70 
effect is calculated (Borenstein et al, 2007). Both fixed and random effect models were used in 71 
this study. 72 
 73 
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